ABSTRACT -Background -In western societies, the prevalence of adenocarcinoma of the gastroesophageal junction has increased in recent years. It is commonly accepted today that esophageal adenocarcinoma develops from a premalignant lesion: Barrett's esophagus. This type of carcinoma is hardly diagnosed at early stages, which results in signifi cant mortality. Molecular biology studies have shown that most malignant tumors originate from the interaction between inherited characteristics and external factors, which may cause genetic changes that interfere with the control over the differentiation and growth of cells in susceptible individuals. p21 (WAF1/CIP1) has a key role in the regulation of the cell cycle, and its immunohistochemical expression has been investigated in several tumors, showing that it infl uences the prognosis of various neoplasms. Aim -To check the prevalence of p21 protein expression in patients with esophageal adenocarcinoma diagnosed in the last 5 years by the Group for Surgeries of the Esophagus and Stomach of "Hospital de Clínicas de Porto Alegre", RS, Brazil. Methods -The study population consisted of 42 patients with esophageal adenocarcinoma diagnosed by the Group for Surgeries of the Esophagus and Stomach between January 1998 and December 2002. The expression of p21 protein was determined by immunohistochemistry using primary antibody, p21, clone SX118, code M7202 (Dako), and assessed according to the immunoreactive scoring system. Results -Of 42 analyzed patients, 83.3% were male and older than 40 years. Among these, 56.2% were submitted to curative resection: total gastrectomy and transhiatal esophagogastrectomy. The remaining patients were submitted to palliative surgery or did not undergo any surgical treatment. Only fi ve patients received adjuvant chemotherapy and radiation therapy, either alone or combined. Advanced disease (stages III and IV) was detected in 78.6% of the patients. Only nine patients were positive for p21, according to the immunoreactive scoring system. Conclusion -p21 was expressed in 9 of 42 patients (21.4%) with esophageal adenocarcinoma diagnosed in the last 5 years by the Group for Surgeries of the Esophagus and Stomach of Hospital de Clínicas de Porto Alegre. In our patient population, the accumulation of p21 did not play a key role in the carcinogenesis of esophageal adenocarcinoma. HEADINGS -Esophageal neoplasms. Adenocarcinoma. Cyclin-dependent kinase inhibitor p21.
INTRODUCTION
In western societies, the prevalence of adenocarcinoma of the gastroesophageal junction has considerably increased in the last years (16, 30, 35, 39) , especially compared to the stable or lower incidence of epidermoid carcinoma of the esophagus (9) . Such increase corresponds to a rise in the incidence of Barrett's esophagus (16) . According to various authors, including Wijnhoven and Jenkins, this increase is larger than in any other malignant neoplasm (16, 39) . It is commonly accepted today that esophageal adenocarcinoma originates from a premalignant lesion:
Barrett's esophagus. Barrett's esophagus is a condition in which the normal squamous epithelium of the esophagus is replaced by a columnar epithelium as a result of long-established gastroesophageal refl ux, which predisposes the affected individual to the development of adenocarcinoma (8, 13, 16, 21, 23, 29, 39) . Barrett's esophagus is the preliminary step towards esophageal adenocarcinoma. A metaplastic esophagus subsequently progresses to low-grade and high-grade dysplasia, and fi nally to adenocarcinoma (9, 16, 29) . Early-stage esophageal carcinoma is often asymptomatic and detection is uncommon. Diagnosis is usually established at advanced stages, which results in remarkable mortality (2, 13) . The large number of patients with advanced disease, combined with poor response to treatment, stresses the necessity to find better tools for early diagnosis and intervention, which may increase the chances of treatment success (9) . It is generally accepted that a multiple-step process of genetic and epigenetic changes causes normal cells to mutate into malignant tumor cells (39) . These changes allow the cells to become independent from proliferative regulation and from the cycle of cell death, and also stimulate the proliferative, infi ltrative and metastasizing capacities of the cells (39) . The cell cycle: mitosis (M phase) is the nuclear division process. DNA replication takes place in the S phase (synthesis). The period between the M and S phases is known as G1, and the period between the end of the S phase and the beginning of the M phase is known as the G2 phase. The cells may exit the cycle and enter the G0 phase, which is a quiescent stage (39) . After DNA damage, the cell cycle arrests at the G1/S or G2/M phase transition, with a 2N or 4N DNA content, respectively. Arrests at these checkpoints prevent DNA replication and mitosis in the presence of unrepaired chromosome damage (3) . Cancer is often described as a cell cycle disease (16) . The division of normal cell populations maintains the balance between cellular proliferation and cell loss (25, 39) . The progression of cells through different phases of the cell cycle is governed by activated cyclins and cyclin-dependent kinases (CDKs), and CDK inhibitors (12, 16, 39) . Protein p21 is encoded by WAF1/CIP1 ("wild-type p53 associated fragment 1/CDK-interacting protein 1"), a tumor suppressor gene located on chromosome 6p21.2 (17) . Induction of p21 is a common mechanism of growth arrest in different physiological situations. p21 is transiently induced in the course of senescence, or of the genes implicated in age-related diseases (Alzheimer's disease, amyloidosis), reversible and irreversible forms of damage-induced growth arrest, and in the terminal differentiation of postmitotic cells (7, 22, 34) . p21 is a universal CDK inhibitor, binding to all CDK2, CDK3, CDK4 and CDK6 complexes. When p21 forms a quaternary complex with cyclins, CDKs, and proliferating cell nuclear antigen (PCNA), it inhibits the G1/S phase transition (10, 14) . Several studies have analyzed the immunohistochemical expression of p21 in different types of neoplasms.
Some studies have revealed an association of p21 expression with worse prognosis in breast cancers (4) , whereas its lower expression proved to be a worse prognostic factor for carcinomas of the anal canal (15) , bladder (20) , and ovaries (32) . In normal esophageal squamous epithelium, p21 expression is restricted to the proliferative compartment (basal layer), thus being more highly associated with proliferation than with differentiation (11) . Studies that show an association between p21 and esophageal adenocarcinoma are rare, and the prevalence of the immunohistochemical expression of p21 is still unknown in our setting. Given the epidemiological importance of esophageal adenocarcinoma and the role of p21 in tumorigenesis, the scant data on both, and the search for better prognostic factors, the aim of the present study is to check the prevalence of p21 expression in patients with esophageal adenocarcinoma treated by the Group for Surgeries of the Esophagus and Stomach of "Hospital de Clínicas" of Porto Alegre (GCEE/HCPA), RS, Brazil, between 1998 and 2002.
PATIENTS AND METHODS

Patients
The study population consisted of patients with esophageal adenocarcinoma treated by the GCEE/HCPA between January 1998 and December 2002. We reviewed 63 medical charts of patients diagnosed with esophageal adenocarcinoma and with no history or presence of another concomitant malignant neoplasm, or neoadjuvant treatment (chemotherapy and/or radiation therapy before surgery). Only those patients who had paraffi n-embedded biopsies or surgical specimens were included in the study (n = 42). The paraffi n blocks were analyzed by the Division of Pathology of HCPA.
Immunohistochemical analysis
The paraffi n-embedded biopsies or surgical specimens (representative sections of the tumor) were submitted to the immunohistochemical analysis routinely performed by the Division of Pathology of HCPA, which consisted of deparaffi nization and rehydration, antigen retrieval, inactivation of endogenous peroxidase activity and blocking of nonspecifi c reactions. The primary antibody, p21
(WAF-1/CIP-1) , clone SX118, code M7202 (Dako), was incubated for 12 hours at 4°C, diluted 1:50, followed by the application of streptavidin-biotin-peroxidase complex (LSAB, Dako) and exposed to diaminobenzidine tetrahydrochloride (Kit DAB, Dako) for visualization. Patients with p21-positive breast cancer were used as positive controls, while negative controls did not include the primary antibody.
p21 expression was assessed at the margin of the infi ltrative lesion, only in cancer cells, as a nuclear pattern, using the Immunoreactive Scoring System (IRS), used by REMMELE and SCHICKETANZ (28) and cited by HANAS et al. (13) IRS is obtained by multiplying the staining intensity (0 = negative, 1 = weak, 2 = moderate, and 3 = strong) by the percentage of positive cells (0 = negative, 1 = 10% positive, 2 = 11%-50% positive, 3 = 51%-80% positive, and 4 = >80%). A total of 10 highpower fi elds are used for each IRS assessment. Scores ≤2 were considered weakly immunopositive, without p21 overexpression, whilst scores ≥3 were regarded as strongly immunoreactive, with p21 overexpression (Figures 1, 2 , 3, 4). Two pathologists who were blinded to the clinical and histopathological information, independently analyzed the glass slides. The fi nal result was obtained through the mean between the pathologists' scores. 
Study design
This is a prevalence study, in which the data were collected from the medical charts of patients with esophageal adenocarcinoma treated by the GCEE/HCPA between January 1998 and December 2002.
Statistical analysis
The quantitative variables were expressed as mean and standard deviation, and the categorical ones expressed as frequency (absolute value) and percentage. Initially, the agreement between the two pathologists regarding the staining intensity and p21 expression was determined through the intraclass correlation coeffi cient. The KruskalWallis nonparametric analysis of variance was used to compare the distribution of p21 in the three groups of histological differentiation. A P value of 0.05 was considered to be statistically signifi cant. The data were processed and analyzed by SPSS (Statistical Package for the Social Sciences) version 10.0 and SigmaPlot version 2.0.
RESULTS
Most of the 42 patients with esophageal adenocarcinoma diagnosed between January 1st 1998 and December 31st 2002 at the HCPA, and treated by the GCEE, were male and older than 40 years.
Total gastrectomy and transhiatal esophagogastrectomy were performed in 56.2% of the patients, whereas the remaining patients were submitted to palliative surgery or did not undergo any surgical treatment. Only fi ve patients received adjuvant chemotherapy and radiation therapy, either alone or combined. Approximately 78.6% of the patients had advanced disease, stages III and IV (Table 1) .
Among the 42 studied patients, 9 were positive for p21, according to the immunoreactivity score (p21+ ≥3) ( Figure 5 ).
The inter-observer agreement was estimated through the intraclass correlation coeffi cient, which was 0.96 for both the staining intensity and percentage of p21-positive cells per highpower fi eld, with a statistical signifi cance of P <0.001; and 0.94 for the immunoreactivity score of p21, with P <0.001; showing broad agreement between the observers. p21 (WAF1/CIP1) expression was not correlated with the degrees of histological differentiation of the biopsies and surgical specimens (Figure 6 ).
DISCUSSION
The esophagus usually has a squamous epithelium. The most common histological type of esophageal cancer is the squamous cell carcinoma or epidermoid carcinoma; historically, adenocarcinoma is less frequent (27) . However, several studies have shown that the incidence of adenocarcinoma has been increasing in western countries (5, 27, 36, 37) , whereas the incidence of epidermoid carcinoma has remained relatively stable (36) . The reason why such increase occurs is controversial; according to some authors, the lower prevalence of Helicobacter pylori infection, which seems to be a protective factor, and the higher prevalence of obesity, increased fat intake, and smoking may be involved (5, 36) . Smoking and alcoholism are etiologic factors in epidermoid carcinoma of the esophagus (36) . Epidermoid carcinoma and esophageal adenocarcinoma are frequently described in the literature as a single disease of the esophagus, probably because the surgical procedures are similar (1) . It is still unclear whether histological types differ as to location only or as to biological behavior as well (1) . Barrett's esophagus is a premalignant condition associated with gastroesophageal refl ux, where the esophageal squamous epithelium is replaced by a metaplastic columnar epithelium (37) . Gastroesophageal refl ux has been suggested as an etiologic factor for adenocarcinoma and gastric cardia cancer as well (36) , which results in their being studied as a single entity (27) . The study conducted by WIJNHOVEN et al. (38) showed that patients with carcinomas The data are expressed as mean ± standard deviation or number (percentage) of the gastric cardia shared common characteristics, such as age, sexual distribution (male predominance) and histological fi ndings, with patients with esophageal adenocarcinoma, and that, these diseases should therefore be regarded as a single entity, especially because carcinoma of the gastric cardia revealed remarkable differences when compared to noncardial gastric carcinoma. On the other hand, although WEISS et al. (36) consider carcinoma of the gastric cardia and esophageal adenocarcinoma to be virtually identical and clearly different forms of epidermoid carcinoma, they advocate that they should be regarded as clinically distinct entities. The epidemiological profi le of patients in the present study is similar to that of other reference centers around the world, which also have reported a predominance of male individuals (83.3%) aged above 60 years old (mean age of 62.3 years).
The assessment of Barrett's esophagus, which is associated with a greater risk for adenocarcinoma (5) , is impaired in these patients due to the extension of the disease at diagnosis (78.6% of patients with stages III and IV disease), where the mucous membrane with metaplastic lesions may be totally affected by tumor progression (31) . A great deal of effort has been channeled into fi nding biomarkers that can infl uence the progression of Barrett's esophagus in the metaplasia-dysplasia-adenocarcinoma sequence. At the GCEE/HCPA, CAVAZZOLA (6) assessed the expression of p53 and VEGF (vascular endothelial growth factor) in 46 patients with esophageal adenocarcinoma. p53 and VEGF were expressed in 52.2% and 47.8% of the tumors, respectively, coinciding in 26% of the cases, but no association with this expression was established. The expressions of p53 and VEGF were not correlated with prognosis in patients with esophageal adenocarcinoma submitted to curative resection.
p21 is a CDK inhibitor, which inhibits the G1/S phase transition (10) . In human cells, p21 is considered a major factor in the up-regulation of the nuclear expression of p53 (10) . p21 has been expressed in several malignant neoplasms, including esophageal adenocarcinomas (8, 13, 23) . p21 expression also varies considerably in adenocarcinoma and epidermoid carcinoma of the esophagus (Table 2) . SETA et al. (33) found an expression of 27%, whereas SHIRAKAWA et al. (34) found an expression of 59% in superfi cial epidermoid carcinomas. According to SHIRAKAWA et al. (34) , p21 expression was correlated with the degree of histological differentiation of the tumor. The expression of p21 was high in 8 (100%) of 8 well-differentiated and in 4 (57%) of 7 moderately differentiated cases, but weak in 4 (40%) of 10 poorly differentiated cases. NATSUGOE et al. (24) found a p21 expression of 43.2% (48 of 111 patients) in epidermoid carcinomas of the esophagus at advanced stages of the disease. The same authors used multivariate analysis and found that p21 expression in the p53-dependent pathway was an independent prognostic factor (24) . The expression of p21 was detected in 44% (11 of 25 patients) with epidermoid carcinoma of the esophagus, with a percentage of positive cells between 1% and 10% in the study carried out by OHASHI et al. (26) . The same study also showed a good correlation between expression and the degree of histological differentiation. Of 8 well-differentiated cases, 6 (67%) were positive, whereas all of the poorly differentiated cases (8) were negative (26) . NITA el al. (25) studied p21 expression (14%) as a prognostic marker in curatively resected esophageal squamous cell carcinoma. They found a 5-year survival rate for high p21 expression group of 68%, and 31% in the low expression group (P = 0.0062), when this groups were compared with lymph node involvement, the survival curves were signifi cantly different (P = 0.0017). Thus, p21 expression was an independent prognostic factor in curatively resected esophageal squamous cell carcinoma. MEURER (19) , who studied patients with epidermoid carcinoma of the esophagus, found a p21 expression of 77.1%, which was not related to the survival of patients submitted to surgery.
According to LIU et al. (18) , in gastric adenocarcinoma, p21 (WAF1/CIP1) was expressed in 40% of the patients, and its expression was considered a positive prognostic factor.
In the study conducted by MOSKALUK et al. (23) , 66% (58 of 88 patients) of esophageal adenocarcinomas showed a weak p21 expression (<25% of positive cells), only 9 (10%) adenocarcinomas revealed a diffuse p21 expression (less than 50% of positive cells). The comparison of the same tumor areas with p53 and p21 expression showed discrepant results in most cases; therefore, it is believed that p21 expression is independent of p53 protein (23) . According to HANAS et al. (13) , an overexpression of p21 was observed in a small series of three patients with adenocarcinoma. And to CHATELAIN et al. (8) , in another small series, p21 was overexpressed in 2 superfi cial adenocarcinomas, and in most cases, p21 expression was not related to p53 expression. 
CONCLUSION
In the present study, we decided to use an immunoreactivity score to evaluate the expression of p21, since evaluation methods vary in different studies. p21 was expressed in 9 of 42 (21.4%) patients with adenocarcinoma of the gastroesophageal junction included in the study, a result that is quite different from other studies on adenocarcinoma, probably because the method used to determine p21 expression varies among studies. No correlation was found as to the degree of histological differentiation of the tumor as described in some studies on epidermoid carcinoma of the esophagus (26, 34) .
Villwock MM, Meurer L, Cavazzola LT, Gurski RR, Edelweiss MI, Schirmer CC. Prevalência da expressão imunoistoquímica da proteína p21 em adenocarcinoma do esôfago. Arq Gastroenterol. 2006;43(3):212-8. RESUMO -Racional -No mundo ocidental, a prevalência de adenocarcinoma da junção esôfago-gástrica vem crescendo nas últimas décadas.
Atualmente, é aceito que o adenocarcinoma do esôfago se desenvolve de uma lesão pré-maligna: esôfago de Barrett. Este carcinoma é de difícil diagnóstico nos seus estágios iniciais, o que resulta em mortalidade signifi cativa. O estudo da biologia molecular tem demonstrado que grande parte dos tumores malignos tem origem na interação entre o componente hereditário e infl uências externas, que em indivíduos predispostos podem ocasionar alterações genéticas que infl uenciem o controle da diferenciação e crescimento celular. O p21 (WAF1/CIP1) tem papel fundamental na regulação do ciclo celular e sua expressão imunoistoquímica tem sido estudada em diversos tumores, mostrando infl uência no prognóstico de várias neoplasias. Objetivo -Verifi car a prevalência da expressão da proteína p21 em pacientes com adenocarcinoma de esôfago diagnosticados nos últimos 5 anos no Grupo de Cirurgia de Esôfago e Estômago do Hospital de Clínicas de Porto Alegre, RS (GCEE/HCPA). Pacientes e Métodos -A população em estudo foi constituída de 42 pacientes com adenocarcinoma de esôfago diagnosticados no GCEE/HCPA entre janeiro de 1998 e dezembro de 2002. A expressão da proteína p21 foi avaliada por meio de imunoistoquímica, com anticorpo primário, p21, clone SX118, código M7202 da DAKO, e quantifi cada de acordo com o sistema de escore de imunorreatividade ("Immunoreactive scoring system" -IRS). Resultados -Foram estudados 42 pacientes, 83,3% eram do sexo masculino, com idade superior a 40 anos. Destes, 56,2% foram submetidos a procedimentos cirúrgicos com intenção curativa: gastrectomia total e esofagogastrectomia transhiatal. Os demais foram submetidos a cirurgia paliativa ou não sofreram tratamento cirúrgico. Apenas cinco pacientes receberam tratamento adjuvante com quimioterapia e radioterapia, isoladas ou combinadas. Quanto ao estádio, 78,6% dos pacientes apresentavam doença avançada, estádios III e IV. Apenas nove apresentaram positividade para o p21, quando considerado o IRS. Conclusão -A proteína p21 esteve expressa em 9 dos 42 pacientes (21,4%) com adenocarcinoma de esôfago diagnosticados nos últimos 5 anos no GCEE/HCPA. Nessa casuística, o acúmulo de p21 não se mostrou essencial no processo de carcinogênese do adenocarcinoma esofágico. DESCRITORES -Neoplasia esofágicas. Adenocarcinoma. Inibidor de quinase depedendente de ciclina p21.
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